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consequently the angles AE B and CFT> areequaT. 
That is, the angle fubtended by the diftance of the 
centers of the fegments from the diftance of the 
focus of parallel rays is equal to the angle fubtended 
by the diftance between the objects A and B from the 
end of the telefcope. 



XXVIIL A Letter to Sir Peter Thompfon; 
Knt: F. R.S. containing Experiments on the 
Copper Springs in Wicklow in Ireland, and 
Observations thereon^ by John Bond, M. D. 

SIR, 
Read May 10, -^T o U may remember I had the ho- 

%75i ' JL nour °f fpending an evening with 

you in June laft, and happen'd to mention a fpring 
in the county of Wicklow in Ireland, which was 
fuppofed to have the furprifing quality of changing 
iron into copper. But your conftant love of truth, and 
ftrong averfion to vulgar errors, made you doubt the 
fact, which, at that time, I could only affirm on the 
report, which prevailed among the curious in that 
country. You then propofed feveral judicious que- 
ries, and feemed defirous of being further informed 
concerning it, which raifed my curiofity to take the 
firft opportunity of inquiring more particularly into 
the foundation of that marvellous account. 

Having foon afterwards oecafion to go to Dublin, 
I went to the fpring; which is from thence about 
thirty-eight miles, and made feveral experiments on 

tht 



the water ; the refultof which I beg letue to prefent 
you with, hoping it may afford you forne fatiafat&ioii 
in explaining that procefs, of which you fo juftly 
doubted the account given by fome credulous authors* 
who mtftook it for a real tranfmutation $ a ridiculous 
dodhrine, which deflroys the effential qualities of bo* 
dies, which were impreffed by the Great Creator on 
all material fubftances, in order to diftinguifh them 
from each other, and therefore are intranfrnutable. 

As the hiftory of this difcovery has already been 
accurately related, in feveral papers read before the 
Royal Society, of which you have the hohbur of be- 
ing a worthy member, I (hall endeavour to avoid re- 
petition, and confine myfelf to the chemical analyfis 
of the water, which, I am told, has been hitherto 
omitted. 

This water flows from a rich copper mine, and is 
of a fharp acid tafta, and light-blue colour* It is re- 
ceived and collected in pits, wherein iron bars are 
put, which, after lying in the water about three 
months, are intirely confumed, and at the bottom of 
the pits, a quantity of copper, greater than that of 
the iron is found, in the form of caarfe fand. This 
fact is confirmed by profitable experiments, often re- 
peated fince the difcovery, the honour of which is 
due to Mr. Matthew Johnfton, a worthy old gentle- 
man, and one of the proprietors of the mine, who 
&ft propofed this method of collecting the copper. 

As this effect is certainly produced by fome active 
principle in the water, I fhall firft inquire, what this 
principle is, and mention particularly the experiments, 
which I made with this view, that you may the bet- 
ter judge of the inferences deduced from them. 

a Experiment 
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Experiment I. 

Into fome of this water % taken out of the ftream 
above the pits where the iron bars are placed, I pour'd 
a folution of an alkaline fait, which railed a ftrong 
effervefcence, and precipitated a large quantity of a 
dark brown fubftance. 

Corollary, This experiment fhew'd> that the wa- 
ter eontain'd a ftrong acid, with a folution of the 
fubftance precipitated. 

Experiment z. 

I put fome aqua-fortis, or fpirit of nitre, into fome 
water taken out of the fame place; and obferved,, 
that the ftrong acid immediately deftroy'd the blue 
colour. 

Corollary. From this experiment we may con- 
clude, that the fubftance, which was precipitated by 
the alkali in the firft experiment, was fo perfe&ly 
diflblved by the acid fpirit in the fecond, as to trans- 
mit all the rays of light. 

Experiment 3. 

Some final! iron nails put into this water were in 
four minutes fo clofely cover'd with fome fubftance 
of a copper colour, that, with a magnifier of half an 
inch focus, I could not difcern the iron through it. 
In that time the nails gained four grains. The water- 
had the fame effe<5t on filver and tin, but not on gold. 

Corollary.. The colour and increafe of weight were 
owing to the adhefion of the particles of the matter 
diflblved in the water by an acid, that could not pe- 
aetrate gold. 

Experiment 
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Experiment 4. 
In order to determine the quantity and quality of 
the matter in the water, I put two drachms of fmall 
iron nails into three ounces of it, and let them ftand 
twenty-four hours ; then examin d, and found the fur- 
face of the water cover'd with a thick fcum, like that 
of a chalybcat Spa. It loft the blue colour, and fharp 
vitriolic tafte. It was quite tranfparent, and at the bot- 
tom there was a quantity of a brown ponderous pow- 
der, which, when dried, weigh'd 14 grains. This 
powder, melted without any flux, produced 12, grains, 
of pure copper. The nails loft 8 grains in the water, 
and were, in feveral places, cover'd with a folid la- 
mina of pure copper. The water, in which the nails 
lay, after being filtrated and evaporated, afforded a 
green vitriol, which in every refpecl refembled fal 
MartiSy and produced the fame effects, when dif- 
folved, and mix'd with any aftringent tincture. 

Experiment f. 

From the fpring-water treated in the fame man- 
ner, I obtain'd a blue vitriol, the bafis of which is 
copper. 

From all thefe experiments it appears, that a mi- 
neral acid is the a&ive quality in this water j which 
being diffufed thro' the copper ore, unites itfelf with 
that metal, and forms a vitriol, which is diffolved 
by the water, and remains fufpended in it, till it 
meets with iron in the pits, by which this acid is 
more ftrongly attra&ed than bv the copper , there- 
fore 
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fore it quits the copper, corrodes the iron, and changes 
it into a vitriol, which is again diflblv'd, and carried 
off in the ftream continually flowing from the pits \ 
whilft the copper, deferted by the acid, falls, by its 
fpecific gravity, to the bottom of the pits. 

By this account it is evident, that this admirable 
procefs is a fimple precipitation of the copper, by 
means of the iron. Hence it has been improperly 
called a tranfmutation of iron into copper. But, left 
any difficulty fhould ftill remain, concerning the con- 
futation of the large quantities of iron put into the 
pits, I fhall add the following obfervations, to (hew, 
that it is diffolved and carried off in the water. 

Obfervation i. The water in the pits is cover 'd 
with a thick fcum, occafion'd by the air bubbles con- 
ftantly riling, and burfting on the furface ; which is 
an evident fign of the folution of the iron. 

Obf. z. The iron is gradually confum'd in the 
pits, . and abounds with irregular depreffions, like old 
iron: a ftrong fymptom of its being corroded by an 
acid. 

Obf. 3. The chanel of the ftream running from 
the pits is furr'd with red oker, which, after being 
roafted in a ftrong fire, was attracted by the magnet. 
As this oker is only found in the ftream below the 
pits, it appears to be part of the iron dhTolv'd in the 
water.' 

Obf. 4. The quantity of copper found in the pits, 
after the iron difappears, is generally greater than that 
of the iron when firft put in : for the proprietors af- 
fured me, that fometimes a ton of iron will produce, 
or rather precipitate, a ton and half of copper. 

A a This 
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This facT: alone would be fufficierit to prove, that 
the iron is not converted into copper ^ fince, accord- 
ing to Sir Ifaac Newton's table, the fpeeific gravity 
of copper is to that of iron as 9000 to ?6$f . 

When I was at this fpring in Auguft Iaft, it raa 
at the rate of 12 ounces every fecondj and by put- 
ting iron into the water of the ftream running from* 
the pits, I found* that every ounce contained three: 
grains of copper. Hence by calculation it appears,, 
that 120600 grains of copper are carried off every 
minute, and confequently 124100 pounds. Troy 
weight in a year j fuppofing the quantity and quality 
of the Water to continue the feme. 

Hence we may eafily account for the death of the- 
J§fh, and other phenomena in the riv^r, which re- 
ceives this vitriolic ftream. 

In a hot funny day, when the water is exhaled,, 
the heaps of mold* raifed out of the ore- pits, are co- 
ver d with a vitriolic effiofefeence : hence, in rainy 
weather*, the water appears like a feong folution of 
verdegrife. 

Whoever is defirous to imitate the procefs carried 
on in thefe pits^ may readily gratify his curioiity, 
by putting pieces of iron into? ftrong fclutions o£ 
vitriol. 

It is a common experiment,, to tinge polifli'd iron, 
by rubbing it with Roman vitriol ; which depends- 
•n the caufe before-mention'd ; viz. the acid in the- 
vitriol penetrates the iron, and leaves the copper on* 
the furfacet This experiment is alfo taken notice of 
by that excellent chemht, and celebrated philofopher,. 
Mr. Boyle, who calls it a fynipatbetic precipitation, 
in his Efay onjpecifie Medicines. 

As- 



[i8 7 ] 

As foon a* the attraction between the copper and 
the acid ceafes, the mutual attraction between the 
minute particles of the metal prevails, fo as to form 
large folid mafles at the bottom of the pits, nineteen 
twentieths of which are pure copper. Thefe folid 
tnaffes are partly occafion'd by the preflure of the 
incumbent heap of granulated copper, conftantly in* 
creafing. 

Hence we fee, that the art of efTaying, or fepa- 
rating metals from their ores, chiefly confifts in eva- 
porating an acid, which prevents the mutual attrac- 
tion of the metallic particles : for when the acid is 
driven off by the violence of fire, the particles fall 
into their proper fphere of attraction, and affume a 
folid form. 

From what has been ofFer'd on the theory of this ad- 
mirable procefs, feveral practical hints may be taken 
to render fuch fprings more profitable ; ana perhaps 
an eafier method may be difcover'd of feparating cop- 
per from its ore, by precipitation, than by calcina- 
tion. But fuch improvements I refer to thofe more 
converfant in the practice of metallurgy. 

Having, I hope, given a fatisfactory account of the 
effects of this water on iron, and proved, that it is owing 
to a ftrong mineral acid, which it contains, I fhould 
next inquire into the fource of this acid ; but am an- 
ticipated in that conjectural refearch by many inqui- 
fitive gentlemen, who have penetrated deeper into the 
bo web of the earth, and difcover'd, or rather taken 
for granted, a vague acid, which, they fay, is dif- 
fused thro' the whole mineral kingdom, and being 
united with different mineral fubftances, forms vitriols 
of different kinds. This hypothefis appears the more 

A a % probable, 
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probable, fince it is allow'd by modern chemffts, 
that all acid fpirits, tho' extracted from different mi- 
nerals, produce the fame effects, and consequently 
are of the.fame nature, the fpirit of fea fait only ex- 
cepted, which alone diffolves gold. 

Since vaft quantities of fulphur are found in this 
mane, mix'd with the copper-ore, it is probable, that 
the acid of the fulphur is attracted by the copper, and 
formed into a vitriol, which is afterwards diffolved 
by the water. 

A farther inquiry into the origin of this acid, I 
leave to thofe curious gentlemen, who have folv'd 
the phenomena of volcano's, earthquakes,, hot-fprings, 
&c. from its effects. 

The ingenious Dr. Robinfon has lately illuftratecf 
this doctrine of acids *, by proving, that an acid and 
light are the fame thing : for he infers, from Sir Ifaac* 
Newton's philofophy, that whatever attracts, or is 
much attra&ed, is light : therefore an acid is light. 

This fpring perhaps is as remarkable for its medi- 
cinal as its metallic qualities. Tho' phyficians gene- 
rally reckon copper taken internally poifonous, yet 
the miners and other people drink this water fre- 
quently, without any ill confequences. It purges and 
vomits feverely, and is become their fpecific in feve- 
ral difeafes, particularly in cutaneous eruptions, arifing 
either from an alkaline acrimony in the blood, which 
ftimulates the fenfible extremities of the cutaneous ar- 
teries, and occafions a puftule, or from the irritation of 
infects lodg'd in the fkin j both which caufes may be 

removed 
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removed by the ftrong acid in this water. It is an 
excellent detergent for fcorbutic ulcers, as Hoffman 
juftly obferves. It has already perform'd feveral re- 
markable cures of this kind. I have often recom- 
mended it in fuch cafes with fuccefs, join'd with pro- 
per internal medicines -, for I am no friend to fpe- 
cificsr 

How far the fuccefs of practice of the miners, who 
drink it frequently, may be depended on, longer ex- 
perience muft determine. Certainly, a great allow- 
ance muft be made for the ftrength of their conftitu- 
tions, and the infenfibility of their nerves, conftantly 
expofed to the noxious fteams of damp pits. I never 
ventur'd to preferibe it internally j and as the materia 
medica affords vomits and purges of a more innocent 
kind, I think it in that refpeclt unneceflary. I have 
reafon to imagine, from the effects, which this water 
had on fome earth-worms, that it is a very powerful 
antihelminthic, if cautioufly given. 

Some frefh filings of iron, put in this water, foon 
precipitate all the copper, and make it a ftrong and 
agreeable chalybeat. Hence it may be us'd as a fub- 
ftitute to Spa-water, whofe virtue depends on the 
iron. Some prepared filings of iron remain'd eight 
days in this water j without producing the leaft al- 
teration. Hence it appears, that this medicine can 
have but a weak effect, if any at all, in abforbing 
acids in the firft paflages. 

Thus having communicated all, that at prefent oc- 
curr'd to me, relating to this fpring j if thefe obferva-* 
tions render the hiftory of it more perfect, and in the 
leaft contribute to gratify that laudable curiofity, 
which you always fhew, in removing prejudices, 

rectifying; 
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r^i^rkg raklake*, and encouraging mtty branch of 
uMnl fcnowlege, I fbaM think my tkne well em» 
ploy'd in this inquiry which had its rife from your 
inftruttive conversation. lam, with the higheft re- 
fpeclt, 

SIR, 

tondon, April 15, Your moft obedient, and 

*753- 

moft humble ferrant, 

John Bond. 



XXIX. A Letter from Dr. Bevia to Mr. 
James Short, RM.S. concerning Mr. Gaf- 
coigneV Invention of the Micrometer. 

Dear Sir, 
Read May i 7f a LTBJOUGH Mr. Townley, in 
1753 jfJL his letter to Dr. Croon, printed in 
the Philafopbical Trrnifa£tkm t N*? 15, p. 4*7, baa 
fumciently made appear, that the invention of the 
micrometer was Mr. Gafcolgne's, and that he applied 
it to meafuring fmall angles in the heavens, and for 
fettling the moon's parallax, long before Meffieur* 
Auzout and Picard thought of any fuch matters j yet 
are the French aftronomers at every turn for giving 
it to thefe their countrymen, without fo much as 
once mentioning the name of Mr. Gafcoigne. 

No fooner had the late Dr. Derham reftor'd th« 
application of telefcopic fights to quadrants to its true 
author Mr. Gafcoigne, than M. de la Hire, who never 
made the do&or any reply on that head, took occa^ 

fion, 



